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(54) Polymerized hydrogel adhesives comprising low amounts of residual monomers 



(57) The present invention relates to polymerized 
hydrogel adhesives, in particular those wherein the hy- 
drogel is formed from monomers which include acryla- 
mido-2-methane propanesulfonic acid or salts thereof 
(AMPS monomers) and those which contain glycerol as 
a humectant. In such adhesives, the levels of unpolym- 
erized residual monomers, such as unpolymerized 
AMPS, acrylonitrile, acrylamide and t-butyl acrylamide; 
and the levels of other impurities such as acrolein, are 



kept very low. 

The present invention also relates to a process for 
making hydogel adhesives with very low levels of such 
unwanted materials. Such a process involves prepara- 
tion of reaction mixtures under selected pH and/or tem- 
perature conditions and polymerization of AMPS mon- 
omers using selected conditions of pH and UV curing. 
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Description 

Field of the Invention 

5 [0001 ] The present invention relates to polymerized hydrogel adhesives which are capable of attaching to mammalian 
skin and can be used in various personal care products, such as waste-management articles, absorbent articles, and 
a variety of functional articles to be worn by a human. The hydrogels herein are characterized by very low amounts of 
residual monomer. 

10 Background of the Invention 

[0002] While hydrogel body adhesives for use in consumer products such as absorbent articles and waste-manage- 
ment articles have previously been described in, respectively, EP 1 025 823 and EP 1 025 866, the disclosure of 
hydrogel adhesive has mainly occurred in the context of small volume medical applications, such as skin electrodes, 
15 transdermal drug delivery and wound healing. In EP 1 025 823 and EP 1 025 866, certain hydrogel requirements for 
consumer products produced on a large scale, such as absorbent and human waste-management products, are dis- 
closed, including the need for secure attachment, painless removal and stability of adhesion in presence of excess 
moisture. 

[0003] In addition to delivering the above-mentioned benefits, it is particularly important, especially for large-scale 
20 production of consumer products, that the hydrogel adhesives used must provide a very good safety profile. 

[0004] Use of acrylamido-2-methane propanesulfonic acid or its salts (both acid and salts referred to herein as acr- 
ylamido-2-methane propanesulfonic acid or AMPS) as one of the monomers which can be polymerized to form the 
hydrogel is well known and are disclosed in, e.g., the documents referred to above. For hydrogel compositions con- 
taining polymerized AMPS, it has been found that not only the level of unreacted AMPS, but also the level of impurities 
25 such as acrylonitrile, acrylamide, and t-butyl acrylamide, present as monomers in the AMPS starting material, must be 
controlled. This is so that the level of acrylonitrile, acrylamide, and t-butyl acrylamide are kept within specifically defined 
target levels in the eventually resulting hydrogel composition. It has also been found that when glycerol is present as 
a humectant in polymerized hydrogel adhesives made by UV curing, the level of acrolein must also be controlled in 
the finished composition, and be kept under well defined target levels. 
30 [0005] The present invention also provides process steps which, when used in the making of the hydrogel compo- 
sitions herein, allow the above-identified residual unwanted monomers to be kept to very low levels in the final resulting 
hydrogel adhesive. 

Summary of the Invention 

35 

[0006] In one embodiment, the present invention relates to polymerized hydrogel adhesives which comprise 1 0-90 
wt% water and 10-60 wt% of a cross-linked hydrophilic polymer. The hydrophilic polymer is made by polymerizing 
monomers which comprise acrylamido-2-methane propanesulfonic acid and/or its salts (AMPS). The resulting adhesive 
contains less than 100 ppb acrylonitrile and less than 100 nanograms/gram (ppb) acrylamide, preferably less than 50 

40 ppb, more preferably less than 25 ppb and most preferably less than 10 ppb of acrylonitrile and acrylamide. The ad- 
hesive also contains at least 1% by weight of AMPS, preferably at least 10% by weight AMPS in polymerized form. 
Addditionally, it is preferred that the polymerized hydrogel adhesive contain less than 200 micrograms/gram (ppm), 
more preferably less than 100 ppm, and even more preferably less than 50 ppm of residual AMPS monomers. Addi- 
tionally, it is preferred that when the polymerized hydrogel adhesive contains both AMPS and one or more co-monomers 

45 jn polymerized form, that the residual level of all monomers is less than 400 ppm, preferably less than 200 ppm, even 
more preferably less than 100 ppm, and most preferably less than 50 ppm. Additionally it is preferred that the polym- 
erized hydrogel adhesive contain less than 100 ppb of t-butyl acrylamide, preferably less than 50 ppb, more preferably 
less than 25 ppb, and even more preferably less than 10 ppb of this material. 

[0007] In another embodiment, the present invention relates to polymerized hydrogel adhesives wherein the polym- 
50 erization is carried out at least partly by UV photo-initiation and wherein such adhesives contain 5-80 wt% of glycerol 
as a humectant, preferably 1 0-80 wt%, most preferably 30-80 wt%, and wherein the level of acrolein is below 300 ppb, 
preferably below 200 ppb, most preferably below 100 ppb. 

[0008] In still another embodiment of the present invention, the present invention relates to a process for making 
hydrogel adhesives comprising AMPS in salt form as a monomer and using a defined neutralization method to produce 
55 an aqueous reaction mixture. In such a neutralization procedure, the pH of the eaction mixture is maintained below 9, 
preferably at a pH below 7 and preferably the reaction mixture is maintained at a temperature below 40 °C, more 
preferably below 25 °C. Preferably the polymerization of said aqueous reaction mixture is conducted at a pH of 3.5 to 
7, more preferably at a pH of 4 to 6.5, most preferably at a pH 4.5 to 6. The polymerization is conducted using UV 
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curing at selected UV irradiation conditions, and with a selected photoinitiator. 
Detailed Description 

5 [0009] The present invention relates to hydrogel adhesives which are capable of attaching to mammalian skin and 
are made by cross-linking and polymerization of at least one monomer to form polymer, in presence of water. 
[0010] The cross-linking between polymer chains creates a 3-dimensional matrix for the polymer, also referred to as 
gel form or hydrogel. Physical cross linking refers to polymers having cross links which are not chemical covalent bonds 
but are of a physical nature such that for example there are areas in the 3 dimensional matrix having high crystallinity 

10 or areas having a high glass transition temperature or areas having hydrophobic interactions. Chemical cross linking 
refers to polymers which are linked by chemical bonds. The polymer can be chemically cross linked by radiation tech- 
niques such as UV-, E beam- , gamma or micro-wave radiation or by co-polymerizing the monomers with a di/poly- 
functional crosslinker via the use e.g., of UV, thermal and/or redox polymerization initiators. The polymer can also be 
ionically crosslinked. 

15 [0011] The strong-acid monomer 2-acrylamido-2-methylpropanesutfonic acid and its salts is particularly preferred 
as a monomer or co-monomer for use in forming the polymer component of the polymerized adhesive hydrogel. This 
monomer is available e.g., from Lubrizol in the acid form or in the neutralized form (see below) as the sodium salt in 
concentrated aqueous solution (e.g., 50 wt% and 58 wt%). Other suitable monomers and co-monomers can be acidic, 
neutral, basic, or zwitterionic. Suitable strong-acid monomers include those selected from the the group of olefinically 

20 unsaturated aliphatic or aromatic sulfonic acids such as 3-sulfopropyl (meth)acrylate, 2-sulfoethyl (meth)acrylate, vi- 
nylsulfonic acid, styrene sulfonic acid, ailyl sulfonic acid, vinyl toluene sulfonic acid, methacrylic sulfonic acid and the 
like. Particularly preferred strong-acid monomers are 2-acrylamido-2-methylpropanesulfonic acid, 3-sulfopropyl (meth) 
acrylate, 2-sulfoethyl (meth)acrylate. Suitable wak-acid monomers include those selected from the group of olefinically 
unsaturated carboxylic acids and carboxylic acid anhydrides such as acrylic acid, methacyclic acid, maleic acid, itaconic 

25 acid, crotonic acid, ethacrylic acid, citroconic acid, fumaric acid, p-sterylacrylic acid and the like. Particularly preferred 
weak-acid monomers are acrylic acid and methacrylic acid. 

[0012] Suitable polyfunctional monomer crosslinkers include polyethyleneoxide di(meth)acrylates with varying PEG 
molecular weights, IRR280 (a PEG diacrylate available from UCB Chemical), trimethylolpropane ethyoxy late tri (meth) 
acrylate with varying ethyleneoxide molecular weights, IRR210 (an alkoxylated triacrylate; available from UCB Chem- 
30 icals), trimethyolpropane tri(meth)acrylate, divnylbenzene, pentaerythritol triacrylate, pentaeythritol triallyl ether, trial- 
lylamine, N,N-methylene-bis-acrylamideand others polyfunctional monomer crosslinkers known to the art. Preferred 
monomer crosslinkers include the polyfunctional diacrylates and triacrylates. 

[0013] Chemical crosslinking can also be effected after polymerization by use of polyfunctional reagents capable of 
reacting with polymer functional groups such as ethyleneglycol diglycidyl ether, polyols such as glycerol, and other 

35 polyfunctional reagents known to the art. 

[0014] Crosslinking can also be effected all or in part by ionic crosslinking wherein groups of opposite charge interact 
via ionic interactions. Suitable ionic crosslinking agents include those known to the art including polyvalent cations 
such as Al +3 and Ca +2 , di/poly-amines, di/poly-quaternary ammonium compounds, including polymeric polyamines 
and polyquaternary ammonium compounds known to the art. 

40 [0015] In a first embodiment of the invention the adhesive compositions herein use acrylamido-2-methane pro- 
panesulfonic acid or its salts (AMPS) as one of the monomers. The salts of AMPS preferably comprise a monovalent 
couterion, with the Na + counterion being particularly preferred. It has been recognized that commercial acid AMPS 
and NaAMPS (typically provided as concentrated aqueous solutions) monomer feedstock contains ppm concentrations 
of acrylamide, acrylonitrile, and t-butyl acrylamide. Upon polymerization, the concentrations of these impurities need 

45 to be reduced as much as possible for use in products in contact with skin the levels of acrylonitrite, acrylamide, and 
t-butyl acrylamide in the adhesive composition should be kept at levels of below 100 ppb, preferably below 50 ppb, 
more preferably below 25 ppb, most preferably below 10 ppb, for a hydrogel adhesive composition containing at least 
1% polymerized AMPS, preferably at least 10 wt% AMPS. Methods suitable for measuring the residual levels of AMPS 
and selected other monomers in the polymerized adhesive hydrogel are given in the test methods. Section. Also in- 

50 eluded in the test method section are methods suitable for measuring the residual levels of the monomer impurities, 
acrylamide, acrylonitrile, and t-butyl acrylamide, 

[0016] It has been found that, when using commercially available 50% NaAMPS feedstocks, the concentrations of 
one or more of residual acrylamide, acrylonitrile, and t-butyl acrylamide in the final hydrogel typically remains too high. 
[0017] To reduce the concentration of residual acrylamide and acrylonitrile, it has now been discovered that another 
55 procedure is required to prepare the concentrated (e.g., 50 wt% or 58 wt%) NaAMPS feedstock solution used to prepare 
monomer solutions for polymerization. Conventionally, concentrated NaAMPS feedstock is prepared by a process 
wherein the acid AMPS is added to a solution of concentrated base (e.g., NaOH) whereby all the acid AMPS added 
is neutralized by the excess base into NaAMPS and the NaAMPS formed by this neutralization is exposed for significant 
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time periods during and/or after the neutralization process to a pH that is above 1 0, often well above 1 0 as a result of 
the presence of unreacted base. 

[0018] It has now been found that when the NaAMPS feedstock is made by the improved process in which the base 
is added to a solution of AMPS in acid form (e.g., aqueous solution), with the pH being consistently kept below 9, 
s preferably below 8, most preferably below 7 during and after the neutralization, the level of acrytonitrile and acrylamide 
residual monomers in the polymerized hydrogel adhesive is considerably reduced. 

[0019] Without being bound by theory, it is believed that concentrated NaAMPS feedstock prepared by the conven- 
tional process described above, wherein the acid AMPS is added to a concentrated solution of base, contains conjugate 
addition products of NaAMPS, acrylonitrile, acrylamide, and t-butyl acrylamide (e.g., such as the hydrates shown here- 
to inafter). 



Hydrates of NaAMPS, acrylamide & acrylonitrile. 

15 
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Hydration product 
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Hydration product 
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30 This conjugate addition reaction is believed to be facilitated at high pH, where the concentration of hydroxide ion is 
high, (i.e., when the concentration of base is in excess of the concentration of acid, which occurs in a neutralization 
procedure where the acid is added to the base). Such an addition product is no longer an olefinically unsaturated 
monomer and is not polymerized under the polymerization conditions used to form polymer from the AMPS monomer. 
It is believed that all of these addition products are capable of reverting back to the monomer to some degree, after 

35 polymerization, in the polymerized hydrogel adhesive. This results in concentrations of these monomers in the polym- 
erized hydrogel that are greater than would be found if these conjugate addition products of these monomers were not 
formed during the neutralization process. 

[0020] It is preferred that during the aforementioned neutralization of acid AMPS that the temperature of the AMPS 
solution be maintained below 40 °C, preferably below 25 °C. Without being bound by theory, it is believed that the 

to lower temperature minimizes the premature polymerization of AMPS at low pH. 

[0021 ] It is also preferred that, prior to neutralization, the concentrations of the monomer impurities in the acid AMPS 
feedstock (e.g., acrylonitrile, acrylamide, and t-butyl acrylamide) be reduced to as low as possible prior to neutralization 
and polymerzation. This can be accomplished by improved synthesis and/or purification methods. For example, the 
acid AMPS can be recrystallized to reduce the levels of acrylonitrile, acrylamide, and t-butyl acrylamide to lower initial 

45 levels. This will generally lower the level of these impurities in the polymerized adhesive hydrogel. Recrystallization 
can be effected one or more times from a suitable solvent (e.g., methanol) using procedures well known in the art. 
[0022] In another embodiment of the present invention, is provided a hydrogel adhesive made by photoinitiation 
polymerization. Photoinitiation will usually be applied by subjecting the pre-gel reaction mixture of monomer(s) con- 
taining an appropriate photoinitiation agent to UV light after it has been spread or coated as a layer on siliconised 

50 release paper or other solid or porous substrate. The incident UV intensity, typically at a wavelength in the range from 
about 240 to about 400 nm overlaps to at least some degree with the UV absorption band of the photoinitiator and is 
of sufficient intensity and exposure duration (e.g., 10-3000 mW/cm 2 ) to complete the polymerization in a reasonable 
time. To facilitate the process, it is often preferable to expose the reaction mixture to several UV irradiation sources, 
in sequence. The processing will generally be carried out in a controlled manner involving a precise predetermined 

55 sequence of mixing and thermal treatment or history. 

[0023] Such free-radical photoinitiation agents or photoinitiators are well known in the art and can be present in 
quantities up to 5 % by weight, preferably from 0.02 % to 2 %, more preferably from 0.02 % to 0.4 %. Such photoinitiators 
include type a-hydroxy-ketones and benzilidimethyl-ketals . Suitable photoinitators include dimethoxybenzylphenone 
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(available under the trade name of Irgacure 651 from Ciba Specialty Chemicals). 2-hydroxy-2-methyl-propiophenone 
(available under the trade name of Daracur 1173 from Ciba Specialty Chemicals), l-hydroxycyclohexylphenylketone 
(available under the trade name Irgacure 184 from Ciba Speciality Chemicals), diethoxyacetophenone, and 4-(2-hy- 
droxyethoxy)phenyl-(2-hydroxy-2-methylpropyl) ketone (available under the trade name of Irgacure 2959 from Ciba 

5 Specialty Chemicals). Daracure 11 73, Irgacure 2959 and Irgacure 1 84 are preferred photoinitiators. Irgacure 2959 and 
Irgacure 184 are particularly preferred. Combinations of photoinitiators can also be used. In addition, polymerization 
can be carried out by using thermal initiator(s) and/or redox initiator(s) well known to the art or one or more of these 
initiators in combination with the aforemetioned photoinitiators Suitable thermal initiators include potassium persulfate 
and VA044 (available from Wako). Suitable redox initiators include the combination of hydrogen peroxide and ascorbic 

10 acid and sodium persulfate and ascorbic acid. 

[0024] The hydrogel compositions described herein can comprise a humectant, preferably glycerol, at levels of from 
5-80% of the hydrogel. Alternate humectants well known in the art can also instead of or in combination with glycerol. 
[0025] Other common additives known in the art such as polymerization inhibitors, chain transfer agents, salts, sur- 
factants, soluble or dispersible polymers, buffers, preservatives, antioxidants, pigments, mineral fillers, and the like 

15 and mixtures thereof may also be comprised within the adhesive composition in quantities up to about 1 0 % by weight 
each respectively. 

[0026] It has been discovered that during the photopolymerization process, glycerol can produce acrolein as a de- 
composition product, and thus it is critical that the levels of acrolein in the adhesive compositions be kept at levels 
below 300 ppb, preferably below 200 ppb, more preferably below 100 ppb, most preferably below 40 ppb. A method 

20 suitable for measuring the level of acrolein in a polymerized adhesive hydrogel is described in the Test Methods section. 
[0027] Without being bound by theory, it is believed that acrolein can be formed by acid-catalyzed or base-catalyzed 
reactions of glycerol with free radicals generated during photopolymerization, wherein the concentration of free radicals 
are especially high. It is believed that by controlling the pH within the limits described hereinafter, the amount of acrolein 
generated during photopolymerization as a result of these acid or base catalyzed reactions can be diminished. 

25 [0028] It has been found that by controlling the pH of the monomer pre-mix solution in the range of 3.5 to 7, preferably 
4-6.5, more preferably 4.5-6; that the level of acrolein formed during the polymerization reaction is reduced. This is 
especially important to control the level of acrolein in the finished hydrogel. 

[0029] Furthermore, it has been found that the wavelength of the UV-radiation should be carefully controlled during 
the photopolymerization reaction, to obtain optimum results on reduction of acrolein as well as acrylamide. It is pref- 

30 erable to minimize the relative percentage of UV irradiation reaching the monomer solution and hydrogel with wave- 
lengths below 280 nm, preferably below 300 nm, more preferably below 320 nm, most preferably below 335 nm. This 
can be achieved by the use of a UV light source that has inherently low output in these wavelength ranges or by 
interposing one or more high-pass UV-filters between the UV light source and the monomer solution and hydrogel. 
[0030] Examples of high-pass UV filters that can be used for this purpose include the Borofloat UV Filters (e.g., T320) 

35 available from Bedamfpurgs-technik. Other examples include the high-pass UV filters made by Schott GlassWerks (e. 
g., WG-280, WG-295, WG-305, WG-320, and WG-335). It is preferred that the integrated UV intensity in units of WY 
cm 2 in the aforementioned wavelength regions by reduced to less than 10%, preferably less than 7%, more preferably 
less than 4%, most preferably less than 1% of the integrated UV intensity in the entire UV region (i.e., 200-400 nm) 
[0031] Without being bound by theory, it is believed that the AMPS monomer is capable of absorbing UV at the 

40 aforementioned low wavelengths and, as a result of being raised to an excited energy level, can decompose to generate 
acrylamide (e.g., by a Norrish Type II rearrangement). 

[0032] While not being bound by theory, it is believed that by reducing the UV intensity in the low- wave length region 
comprising the principle UV absorption band of the AMPS, the direct absorption of UV by the AMPS is reduced which 
greatly minimizes the formation of acrylamide via the photodecomposition reaction described above. This is done, 

45 while still providing UV photons in the wavelength range above about about 320 nm. UV in this wavelength range is 
still capable of initiating photopolymerization using the aforementioned photoinitiators, thus allowing the photo-polym- 
erization to take place effectively even with all the radiation below 280 nm, 300 nm, 320 nm, or even 335 nm cut-off. 
[0033] Without being bound by theory, it is also believed that reducing the UV irradiation in the aforementioned 
wavelength ranges also reduces the formation of acrolein via photodecomposition or free-radical reactions involving 

so glycerol. 

[0034] Without being bound by theory, it is believed that a second mechanism for the photodecomposition of AMPS 
to form acrylamide involves energy transfer from the excited triplet state of the photoinitiator -to the resulting in the 
photodecomposition as described above- This mechanism can occur even if the AMPS is prevented from directly 
absorbing UV irradiation by e.g., the use of a UV filter. 
55 [0035] Without being bound by theory, It is believed that by using a photoinitiator that has a triplet state energy more 
different from the triplet energy state of AMPS, the amount of effective energy transfer from excited state photoinitiator 
to AMPS can be decreased. By decreasing this energy transfer, it is believed that AMPS decomposition to acrylamide 
is also decreased. The photoinitiators Irgacure 2959 and Irgacure 184 have been found to be particularly effective in 
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reducing the amount of acrylamide generated, while still being effective at producing a polymerized hydrogel adhesive 
with low levels of residual monomers. Irgacure 2859 is particularly preferred. 

T st Methods 

5 

1. pH of Monomer Solutions 

[0036] The pH of a monomer solution can be measured using methods well known to the art. For example, an 
lonlabph/ion level 2P meter can be used equipped with a SenTix 41 electrode ( available from Wissenschaftlich Tech- 
10 nische Werkstaetten) 

2. Residual NaAMPS in Polymerized Hydrogels 

[0037] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel and put the mixture in a 
15 thermostatic bath for a minimum of 12 hours at approximately 40°C. Collect an aliquot of the supernatant through a 
0.45 urn hydrophilic filter into a syringe and then transfer into a HPLC autosampler vial. 

[0038] Analysis: HPLC/DAD - 20u.l of the hydrogel filtrate (as above) is injected directly into the HPLC, for example 
a Waters Millennium 2020 C/S equipped with a Waters 600 solvent delivery module, Waters 717+ auto injector, Waters 
996 photo diode array detector and a Hypersil SAS C1 250 X 4.6mm 5\im column set. The mobile phase comprises 
20 90% of eluent A (H 2 0:Acetonitrile 90:1 0 v/v + PIC A low UV) and 1 0% of eluent B (H 2 0:Acetonitrile 30:70 v/v + PIC A 
low UV). PIC A is a Waters ion pair reagent containing buffered tetra butyl ammonium ion pair solution. The flow rate 
is 1 ml/min. For detection a photo diode array channel 200nm (bandwidth 1.2nm) is used, the UV Spectra across 
190-300nm can be applied for peak purity assessment. The level of analyte is quantified using standard procedures 
well known to the art and reported as micrograms analyte per gram of hydrogel (ppm). 

25 

3. Residual N.N-Dimethylacrylamide in Polymerized Hydrogels 

[0039] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container. 
The resulting mixture is placed in a thermostatic bath for a minimum of 1 2 hours at approximately 40°C. The supernatant 
30 is separated from the gel by filtration through filter paper, for example Schleicher and Schuell 597, and collected. To 
the filtrate, 20 ml of CH 2 CI 2 and 200uJ of internal standard solution (0.0001 g/l tetradecane) are added and the resulting 
mixture is put in an ultrasonic bath for 15 minutes. After sonication, the CH 2 CI 2 solution is separated from the aqueous 
layer, dried with for example Na 2 S0 4 and transferred to an autosampler vial. 

[0040] Analysis: 2uJ of this solution is injected into a GC for example a Trace 2000 series under the following con- 
35 ditions: 



40 



Initial Temp 


80°C 


Initial time 


2min 


Rate 1 


20°C/min 


Final temp 1 


150°C 


Final time 1 


2min 


Rate 2 


30°C 


Final temp 2 


230°C 


Final temp 2 


10min 


Injection mode 


splitless 


Injection temp 


250°C 


FID Detection temp 


280°C 


Carrier gas 


He 


Column head-pressure 


75kPa 



[0041 ] The level of analyte is quantified using standard procedures well known to the art and reported as micrograms 
analyte per gram of hydrogel (ppm). 

55 

4. R sidual Acrylonitril and Acrol in in Polymeriz d Hydrogels 

[0042] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container. 
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The resulting mixture is placed in a thermostatic bath for a minimum of 12 hours at approximately 40°C. The liquid is 
separated from the gel and collected. The headspace of this solution is analyzed as described below. 
[0043] Analysis: Follow procedure outlined in U.S. EPA method 8240. The level of analyte is quantified using standard 
procedures well known to the art and reported as nanograms analyte per gram of hydrogel (ppb). 5. Residual Acry- 
5 lamide in Polym rized Hydrog I 

[0044] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container, 
the resulting mixture is placed in a thermostatic bath for a minimum of 12 hours at approximately 40°C. The supernatant 
is separated from the gel and collected. The supernatant is analyzed as outlined below. 

[0045] Analysis: Follow procedure outlined in U.S. EPA method 8032A. Detection is via MS in negative CI mode with 
10 isobutane as the reactant gas. 

[0046] The level of analyte is quantified using standard procedures well known to the art and reported as nanograms 
analyte per gram of hydrogel (ppb). 

6. Residual Acrylic Acid in Polymerized Hydrogels 

15 

[0047] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container. 
The resulting mixture is placed in a thermostatic bath for a minimum of 12 hours at approximately 40°C. Collect the 
supernatant through a 0.45 urn hydrophilic filter into a syringe and then store in an HPLC autosampler vial. The filtrate 
is analyzed as described below. 
20 [0048] Analysis: Follow procedure outlined in EDANA method 41 0.1 The level of analyte is quantified using standard 
procedures well known to the art and reported as micrograms analyte per gram of hydrogel (ppm). 

7. Residual tert-Butyl Acrylamide in Polymerized Hydrogel 

25 [0049] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container, 
the resulting mixture is placed in a thermostatic bath for a minimum of 1 2 hours at approximately 40° C. The supernatant 
is separated from the gel by filtration through filter paper, for example Schleicher and Schuell 597, and collected. To 
the filtrate, 20 ml of ethyl acetate and 200uJ of internal standard solution (0.0001 g/l 3-nitrophenol) are added and the 
resulting mixture is put in an ultrasonic bath for 15 minutes. After sonication the ethyl acetate solution is separated 

30 from the aqueous layer, dried with for example Na2S0 4 and transferred to an autosampler vial. 

[0050] Analysis: 2uJ of this solution is injected into a GC, for example a Trace 2000 series, under the following con- 
ditions: 



Initial Temp 


80°C 


Initial time 


2m in 


Rate 1 


20°C/min 


Final temp 1 


150°C 


Final time 1 


2m in 


Rate 2 


30°C 


Final temp 2 


230°C 


Final temp 2 


10min 


Injection mode 


splitless 


Injection temp 


250°C 


NPD Detection temp 


280°C 
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He 
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75kPa 



[0051] The level of analyte is quantified using standard procedures well known to the art and reported as nanograms 
analyte per gram of hydrogel (ppb). 

EXAMPLES 

Example 1: Preparation of 50 wt% aqueous solution ofNaAMPS 

[0052] Approximately 14 parts of acid AMPS (2-acrylamido-2-methyl-1-propanesulphonic acid; recrystallized on 
time from methanol) is added to a solution containing approximately 0.02 parts MEHQ inhibitor (4-methoxyphenol, 
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available from Aldrich), approximately 0.44 parts potassium phosphate buffer (Aldrich), and approximately 37.35 parts 
distilled water and allowed to dissolve. Recrystallization reduces the levels of acrylamide, a acrylonitrile, and t-buty- 
lacrylamide to approximately 20 ppm, 5 ppm, and 50 ppm, respectively. The reaction mixture is cooled with an ice-cold 
water bath to maintain the temperature of the reaction mixture below approximately 25°C as approximately 5 parts of 

5 approximately 50 wt% NaOH (Aldrich) is added dropwise. This quantity of NaOH is slightly less than one equivalent 
relative to the level of acid AMPS. After the addition of the NaOH is complete another aliquot of approximately 1 4 parts 
Acid AMPS is dissolved in the reaction mixture before adding dropwise another approximately 5 parts of the 50 wt% 
NaOH. After the second addition of 50 wt% NaOH is completed another aliquot of approximately 14 parts Acid AMPS 
is dissolved in the reaction mixture before adding dropwise another 5 parts of the 50 wt% NaOH. A final addition of 

10 approximately 3.2 parts of acid AMPS is dissolved in the reaction mixture followed by the final dropwise addition of 
approximately 2.45 parts of the 50 wt% NaOH. The final pH of the mixture is adjusted to approximately pH=5 with 
dropwise addition of a small quantity of NaOH. This yields an approximately 50 wt% aqueous NaAMPS solution. 

Example 2: Preparation of 58 wt% aqueous solution of Na AMPS: 

15 

[0053] Approximately 17 parts of Acid AMPS (2-aciylamido-2-methyl-1-propanesulphonic acid, recrystallized one 
time from methanol) is added to a solution containing approximately 0.02 parts MEHQ inhibitor (4-methoxy phenol, 
available from Aldrich), approximately 0.51 parts potassium phosphate buffer (Aldrich), and approximately 27.32 parts 
distilled water and allowed to dissolve. The reaction mixture is cooled with an ice-cold water bath to maintain the 

20 temperature of the reaction mixture below approximately 25°C as approximately 6 parts of approximately 50 wt% NaOH 
(Aldrich) is added dropwise. The level of NaOH added is slightly less than one equivalent relative to the level of acid 
AMPS. After the addition of the NaOH is completed, another aliquot of approximately 1 7 parts Acid AMPS is dissolved 
in the reaction mixture before adding dropwise another approximately 6 parts of the 50 wt% NaOH. After the second 
addition of 50 wt% NaOH is completed another aliquot of approximately 1 7 parts Acid AMPS is dissolved in the reaction 

25 mixture before adding dropwise another approximately 6 parts of 50 wt% NaOH. A final addition of approximately 1 .43 
parts of acid AMPS is dissolved in the reaction mixture followed by the final dropwise addition of approximately 2.24 
parts of 50 wt% NaOH. The final pH of the mixture is adjusted to approximately pH=5 with dropwise addition of a small 
quantity of NaOH. This yields an approximately 58 wt% aqueous NaAMPS solution. 

30 Example 3: Preparation of Polymerized Adhesive Hydrogel 

[0054] A 50 wt% aqueous solution of NaAMPS is prepared by addition of NaOH to acid AMPS (recrystallized one 
time from methanol) using a procedure analogous to that described in Example 1 . To approximately 68.4 parts of this 
solution, approximately 31 .5 parts of glycerol is added and the resulting mixture is stirred for approximately 1 5 min. To 
35 100 parts of this solution is added approximately 0.048 parts of the photoinitiator Daracur 1173 (Aldrich) and approx- 
imately 0.11 parts of cross-linker IRR 210 (a polyoxyethylene triacrylate cross-linker from UCB). The resultant mixture 
is dispersed and/or dissolved with stirring. 

[0055] The monomer solution is spread at a basis weight of approximately 1 .0 kilograms per square meter onto a 
thin, porous non-woven substrate. The solution is polymerized via UV irradiation curing with an 1ST 200 ozone-free 

^0 arc lamp (Spectrum Type: CKII-OF). A high-pass UV filter with a frequency cut-off of approximately 320 nM (UV Filter 
Borofloat T320 from Bedampfungs-Technik) is positioned between the lamp and the sample to filter out low-frequency 
UV irradiation. The solution-coated substrate is irradiated while passing underneath the lamp on a variable-speed belt 
positioned approximately 1 3 cm underneath the lamp. The speed of the belt is set at approximately 7 meter/min. The 
peak output power of the lamp is measured using an UMD-1 power meter (Eta Plus Electronic) and the output intensity 

45 of the lamp is adjusted so that the incident peak UV power on the sample is approximately 600 milliwatt/cm 2 (measured 
with the UV filter). Twelve consecutive passes of the sample underneath the lamp is used to polymerize the monomer 
solution and convert it into a soft adhesive hydrogel with low levels of residual NaAMPS, acrylonitrile, acrylamide, and 
acrolein (see Table). 

so Example 4: Preparation of Polymerized Adhesive Hydrogel 

[0056] To a solution of approximately 22.4 parts of the approximately 58 wt% NaAMPS solution of Example 2 and 
approximately 13.2 parts of distilled water, approximately 19.2 parts of acrylic acid is added. To this solution approxi- 
mately 6.4 parts of 50 wt% NaOH (Aldrich) is added dropwise with constant stirring, while maintaining the temperature 
55 to less than approximately 25°C with an ice bath. The NaOH that is added is sufficient to convert approximately 30 
mole% of the acrylic acid to sodium acrylate. Approximately 38.9 parts of glycerol (Agar) is added and the resulting 
mixture is stirred for 15 min. The solution is covered to shield it from light. 

[0057] To one aliquot of this solution (4-1), approximately 0.13 parts of the polyfunctional cross-linker IRR210 and 
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0.30 parts of Daracur 1 1 73 is added to approximately 1 00 parts of the monomer solution and dispersed and/or dissolved 
with stirring for approximately 15 minutes. To a second aliquot of this solution (4-2), approximately 0.13 parts of the 
polyfunctional cross-linker IRR21 0 and 0.30 parts of Irgacure 2959 is added to approximately 1 00 parts of the monomer 
solution and dispersed and/or dissolved with stirring for approximately 15 minutes. 
5 [0058] The monomer solutions are spread at a basis weight of approximately 1 .0 kilograms per square meter onto 
siliconized release paper (for example, CO.GE.SIL/Silfraft - 70gr" (Palazzo)), that has been surface treated by wiping 
with a very-thin layer of Pluronic 6400 surfactant (BASF) to facilitate spreading of the solution. For handling purposes, 
the release paper is p re-positioned inside a 8.5 cm diameter polystyrene Petri dish. 

[0059] The monomer solutions are polymerized via UV irradiation curing as described in Example 3 The peak output 
10 power of the lamp is measured using an UMD-1 power meter (Eta Plus Electronic) and the output intensity of the lamp 
is adjusted so that the incident peak UV power on the sample is approximately 900 milliwatt/cm 2 (measured with the 
UV filter). Twelve consecutive passes of the sample underneath the lamp is used to polymerize the monomer solutions 
and convert them into soft adhesive hydrogels. It is evident that the use of of Irgacure 2959 significantly reduces the 
level of residual acrylamide in the polymerized hydrogel, without increasing significantly the residual levels of the start- 
's jng monomers (see Table) 

Example 5: Preparation of Polymerized Adhesive Hydrogel 

[0060] To a solution of approximately 22.4 parts of the approximately 58 wt% NaAMPS solution of Example 2 and 
20 approximately 13.2 parts of distilled water, approximately 19.2 parts of acrylic acid is added. To this solution approxi- 
mately 6.4 parts of 50 wt% NaOH (Aldrich) is added dropwise with constant stirring, while maintaining the temperature 
to less than approximately 25°C with an ice bath. The NaOH that is added is sufficient to convert approximately 30 
mole% of the acrylic acid to sodium acrylate. Approximately 38.9 parts of glycerol (Agar) is added and the resulting 
mixture is stirred for 15 min. The solution is covered to shield it from light. 
25 [0061] Prior to polymerization, a mixture of approximately 0.13 parts of the polyfunctional cross-linker IRR210 and 
0.23 parts of Daracur 1 1 73 is added to approximately 1 00 parts of the monomer solution and dispersed and/or dissolved 
with stirring for approximately 15 minutes. The monomer solution is spread at a basis weight of approximately 1.0 
kilograms per square meter onto siliconized release paper as described in Example 4. 

[0062] The monomer solution is polymerized as described in Example 4 The peak output power of the lamp is meas- 
30 ured using an UMD-1 power meter (Eta Plus Electronic) and the output intensity of the lamp is adjusted so that the 
incident peak UV power on the sample is approximately 900 milliwatt/cm 2 (measured without the UV filter). Nine con- 
secutive passes of the sample underneath the lamp is used to polymerize the monomer solution and convert it into a 
soft adhesive hydrogel with low levels of residual NaAMPS, acrylic acid, acrylonitrile, acrylamide, and acrolein, (see 
Table) 

35 

Example 6: Preparation of Polymerized Adhesive Hydrogel 

[0063] A 58 wt% aqueous solution was prepared according to Example 2, but using non-recrystallized acid AMPS 
(Aldrich) and adjusting the final pH to 4.0. The non-recrystallized acid AMPS has levels of acrylamide, acrylonitrile, 

40 and t-butylacrylamide of approximately 400 ppm, 50 ppm, and 500 ppm, respectively. Approximately 49.1 parts of this 
NaAMPS solution and approximately 1 5.7 parts of N,N-dimethylacrylamide (NN-DMA; Aldrich) are combined with stir- 
ring. To this solution is added approximately 35 parts of glycerol (Agar). The resultant solution is stirred for approximately 
10 minutes and covered to shield it from light. Prior to polymerization, approximately 0.11 parts of Daracur 1173 and 
approximately 0.06 parts of IRR-210 are added to approximately 100 parts of the monomer solution and dispersed 

45 and/or dissolved with stirring for approximately 1 5 minutes. 

[0064] The monomer solution is spread at a basis weight of approximately 1 .0 kilograms per square meter onto 
siliconized release paper as described in Example 4. The monomer solution is polymerized via UV irradiation curing 
as described in Example 4, except that a Schott 335 nm high-pass UV filter is used and the incident peak UV power 
on the sample is approximately 1800 milliwatt/cm 2 (measured without the UV filter). Twelve consecutive passes of the 

50 sample underneath the lamp is used to polymerize the monomer solution and convert it into a soft adhesive hydrogel 
with low levels of residual NaAMPS, N,N-dimethylacrylamide, acrylonitrile, acrylamide, and acrolein (see Table) 

Example 7: Preparation of Polymerized Adhesive Hydrogel 

55 [0065] A 50 wt% aqueous solution of NaAMPS is prepared by addition of NaOH to acid AMPS (unrecrystallized; 
Aldrich) using a procedure analogous to that described in Example 1,. To approximately 68.4 parts of this solution, 
approximately 31 .46 parts of glycerol is added and the resulting mixture is stirred for approximately 1 5 min. One aliquot 
of this solution is adjusted with NaOH to pH=5.25 (7-1). A second aliquot is adjusted with NaOH to pH=7 (7-2). To 100 
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parts of each solution is added approximately 0.04 parts of the photoinitiator Daracur 1173 and approximately 0.11 
parts of cross-linker IRR 210. The resultant mixture is dispersed and/or dissolved with stirring. 
[0066] The monomer solutions are spread at a basis weight of approximately 1 .0 kilograms per square meter onto 
siliconized release paper as described in Example 4. The solution is polymerized via UV irradiation curing as described 

5 in Example 4, except a high-pass UV filter with a frequency cut-off of approximately 335 nm (Schott filter) is positioned 
between the lamp and the sample to filter out low-frequency UV irradiation. The peak output power of the lamp is 
measured using an UMD-1 power meter (Eta Plus Electronic) and the output intensity of the lamp is adjusted so that 
the incident peak UV power on the sample is approximately 1 800 milliwatt/cm 2 (measured without the UV filter). Twelve 
consecutive passes of the sample underneath the lamp is used to polymerize the monomer solutions and convert them 

10 into soft adhesive hydrogels. It is evident that the use of pH=5.25 significantly reduces the level of acrolein in the 
polymerized hydrogel, without increasing significantly the residual levels of the starting monomers or the residual levels 
of monomer impurities (see Table) 



Residual Levels of Monomers and Impurities in Polymerized Hydrogels 


Hydrogel 
Example # 


NaAMPS * 
(ppm) 


Acrylic Acid * 
(ppm) 


NN-DMA* 
(ppm) 


Acrylamide * 
(PPb) 


Acrylonitrile* 
(PPb) 


Acrolein* 
(PPb) 


3 


<100 






<45 


<50 


<100 


4-1 


<100 


<10 




500 


<50 


1.5 


4-2 


<100 


25 




<45 


<50 


1.5 


5 


100 


60 




<45 


<50 


190 


6 


<100 




7.5 


<45 


<50 


<100 


7-1 


<100 






<45 


<50 


100 


7-2 


<100 






<45 


<50 


570 



* Using the methods described in the test methods section, the detection limits for NaAMPS, Acrylic Acid, NN-DMA, acrylonitrile, and acrolein are 
100 ppm, 10 ppm, 100 ppb, 45 ppb, 50 ppb, and 100 ppb, respectively. When the level of analyte measured is less than the detection limits, the 
value is reported as being less than the detection limit. 



Claims 



1. A hydrogel adhesive comprising 10-90 wt% water and 10-60 wt% of cross-linked hydrophilic polymer made from 
35 monomers comprising acrylamido-2-methanepropanesulfonic acid and salts thereof, characterized in that said 

adhesive contains at least 1 wt% polymerized acrylamido-2-methanepropanesulfonic acid or salts thereof, and 
further contains less than 100 ppb acrylonitrile, and less than 100 ppb acrylamide. 

2. A hydrogel adhesive according to Claim 1 comprising less than 50 ppb, preferably less than 25 ppb, and more 
40 preferably less than 10 ppb acrylonitrile, and also comprises less than 50 ppb, preferably less than 25 ppb, and 

more preferably less than 10 ppb acrylamide. 

3. A hydrogel adhesive according to Claims 1 or Claim 2 which comprises at least 1 0 wt% of polymerized acrylamido- 
2-methanepropanesulfonic acid or salt thereof. 

45 

4. A hydrogel adhesive according to any of Claims 1 to 3 which contains less than 200 ppm, preferably less than 1 00 
ppm, more preferably less than 50 ppm of residual acrylamido-2-methanepropanesulfonic acid or salt monomer 
and less than 100 ppb of t-butyl acrylamide. 

50 5. A co-polymerized hydrogel adhesive according to any of Claims 1 to 4 which comprises acrylamido-2-methane- 
propanesulfonic acid or salt therof co-polymerized with one or more additional co-monomers, said co-polymerized 
hydrogel adhesive containing less than 400 ppm, preferably less than 200 ppm, more preferably less than 100 
ppm, and even more preferably less than 50 ppm of residual monomers. 

55 6. A co-polymerized hydrogel adhesive according to Claim 5 wherein said additional co-monomer is acrylic acid or 
salt thereof. 
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7. A hydrogel adhesive according to any of Claims 1 -6 wherein the polymerization of monomers and/or co-monomers 
is carried out at least partly by UV photoinitiation. 

8. A hydrogel adhesive according to Claim 7 which comprises 5-80 wt% of glycerol as a humectant, and a photoin- 
5 itiator, wherein said hydrogel adhesive contains less than 300 ppb of acrolein. 

9. A hydrogel adhesive according to Claim 8 which comprises 10-80 wt% glycerol, preferably 30-80 wt% glycerol 
and wherein the level of acrolein is below 200 ppb, preferably below 100 ppb, even more preferably below 40 ppb. 

10 10. A hydrogel adhesive comprising 10-85 wt% water, 10-60 wt% of crosslinked hydrophilic polymer, and 5-80 wt% 
of glycerol, wherein the hydrophilic polymer has been formed by polymerization carried out at least partly by UV 
photoinitiation, said hydrogel adhesive containing less than 300 ppb acrolein and less than 400 ppm of residual 
monomers. 

15 1 1 . A hydrogel adhesive according to Claim 1 0 comprising 1 0-80 wt%, preferably 30-80 wt%, of glycerol and containing 
less than 200 ppb, preferably less than 100 ppb, most preferably less than 40 ppb acrolein and less than 200 ppm, 
preferably less than 100 ppm, most preferably less than 50 ppm of residual monomers. 

12. A process for making a hydrogel adhesive comprising the steps of: 

20 

providing a first aqueous solution of acrylamido-2-methaneproponesulfonic acid ; 

providing a second aqueous solution of base, the quantity of said base being chosen to neutralize said first 
aqueous solution ; 

making an aqueous reaction mixture by mixing said first aqueous solution and said second aqueous solution, 
25 said mixing being carried out by adding said second aqueous solution to first second aqueous solution, the 

pH of said aqueous reaction mixture being kept below 9 during the making of said aqueous reaction mixture; 
and 

polymerizing said aqueous reaction mixture. 

30 13. A process according to Claim 12 wherein the pH of the aqueous reaction mixture is kept below 7. 

14. A process according to Claim 12 or Claim 13 wherein the temperature of said aqueous reaction mixture is kept 
below 40 °C, and preferably below 25 °C. 

35 15. A process according to any of Claims 12 to 14 wherein the polymerization of said aqueous reaction mixture is 
conducted at a pH 3.5 to 7, preferably 4 to 6.5, more preferably 4.5-6. 

16. A process according to any of Claims 12-15 wherein the polymerization is conducted by UV curing, and the 
integrated UV intensity at wavelengths less than 280 nm, preferably less than 300 nm, more preferably less than 

40 320 nm, most preferably less than 335 nm is less than 10%, preferably less than 7%, even more preferably less 

than 4%, most preferably less than 1% of the total integrated UV intensity with wavelengths less than 400 nm. 

17. A process according to Claim 1 6 which utilizes a photoinitiator selected from Danacur 1 1 73, Irgacure 2959, Irgacure 
500, and Irgacure 184 to initiate polymerization. 

45 

18. A process according to the Claim 17 wherein the photoinitiator is Irgacure 2959. 



50 



55 



11 



EP 1 245 241 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 87 0072 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to daim 


CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 


X 


WO 00 45864 A (MUNRO HUGH SEMPLE ; FIRST 

WATER LTD (GB)) 

10 August 2000 (2000-08-10) 

* page 18, line 4 - page 19, line 17 * 

* page 27, line 12 - page 28 t line 24 * 

* examples * 

* claims * 


1-17 


A61L24/04 


X 


WO 00 07638 A (MUNRO HUGH SEMPLE ; FIRST 

Wn l li\ LIU \UD/, in Jin i lunni u ilu \aujj 

17 February 2000 (2000-02-17) 

* examples * 

* claims * 


1-17 




V 

A 


UCi nn fl7fi17 A (C(\\ FS PFTFR •MIINRfl hugh 

WU UU U/Oj/ n V vULlj r lI li\ , IIUIMiw nuun 

SEMPLE (GB); YASIN MOHAMMED (GB); CINELLI) 
17 February 2000 (2000-02-17) 

* examples * 

* page 22, line 29 - page 23, line 27 * 

* claims * 


1 -17 




X 


WO 92 05810 A (MEDTRONIC INC) 


1-17 


TECHNICAL FIELDS 
SEARCHED (lrt.CI.7) 




16 April 1992 (1992-04-16) 

* example 1 * 

* claims * 


A61L 
C09J 
C08F 


D,X 


EP 1 026 219 A (FIRST WATER LTD) 
9 August 2000 (2000-08-09) 

* examples * 

* claims * 


1-17 




D,X 


EP 1 025 823 A (PROCTER & GAMBLE) 
9 August 2000 (2000-08-09) 

* page 17, line 35 - last line * 

* paragraph 4 0066! - paragraph '0073! * 

* claims * 


1-17 




The present search report has been drawn up for all claims 







Place of search 

THE HAGUE 



Date of completion of the search 

3 August 2001 



Examiner 

Thornton, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken alone 

Y : partial tarty relevant if combined with another 

document of the same category 
A : technologtea! background 
O : non-written disclosure 
P : intermedi 



T : theory or principle underlying the invention 
E : earner patent document, but published on. or 

after I he filing date 
D : document cited In the application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



12 



EP 1 245 241 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 87 0072 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI,7) 



EP 1 025 866 A (PROCTER & GAMBLE) 

9 August 2000 (2000-08-09) 

* paragraph '0060! - paragraph '0072! * 

* paragraph '0124! * 

* claims * 

DATABASE WPI 

Section Ch, Week 199433 

Derwent Publications Ltd., London, GB; 

Class A12, AN 1994-269661 

XP002173921 

& JP 06 200224 A (NITTO CHEM IND CO LTD), 
19 July 1994 (1994-07-19) 

* abstract * 

DE 41 23 889 A (SANYO CHEMICAL IND LTD) 
12 March 1992 (1992-03-12) 

* page 2, line 37 - line 44 * 

* claims * 

WO 00 45698 A (AXELGAARD MFG CO LTD) 

10 August 2000 (2000-08-10) 

* claims * 



1-17 



1-5,7-16 



1-8,12 



1-18 



TECHNICAL FIELDS 
SEARCHED (tatCl.7) 



The present search report has been drawn up for all claims 



Place of search 



THE HAGUE 



Date ol completion ot the search 

3 August 2001 



Examiner 

Thornton, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant It taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document died in the application 
L : document cited for other reasons 

& : member ot the same patent family, corresponding 



13 



EP 1 245 241 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 87 0072 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

03-08-2001 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


W0 0045864 


A 


10-08-2000 


AU 


2306100 A 


25-08-2000 


W0 0007638 


A 


17-02-2000 


AU 


5180199 A 


21-02-2000 

%p> X w X> X.WW 








AU 


5180799 A 


28-02-2000 








AU 


5180999 A 


21-02-2000 








AU 


5181199 A 

+j x \j x x *j j n 


28-02-2000 








AU 


5181799 A 


28-02-2000 

LV Wfc bUVU 








EP 


1100556 A 


23-05-2001 

£. «S \J <J CUV/1 








EP 


1100554 A 


23-05-2001 








EP 


1100557 A 


23-05-2001 








EP 


1104312 A 

Jib l\ 


06-06-2001 

VVJ Vv LUUl 








EP 


1100555 A 


23-05-2001 








WO 


0006214 A 


10-02-2000 








WO 


0007636 A 


17-02-2000 








wo 


0006215 A 


10-02-2000 








wo 


0007637 A 


17-02-2000 


W0 0007637 


A 


17-02-2000 


AU 


5180199 A 


21-02-2000 








AU 


5180799 A 


28-02-2000 








AU 


5180999 A 


21-02-2000 

(— i. W £. LUUU 








AU 


5181199 A 


28-02-2000 








AU 


5181799 A 


28-02-2000 








EP 


1100556 A 

x x w w *j *j v n 


23-05-2001 








EP 


1100554 A 


23-05-2001 








EP 


1100557 A 


23-05-2001 








EP 


1104312 A 


05_06-2001 








EP 


1100555 A 


23-05-2001 








WO 


0006214 A 


10-02-2000 








WO 


0007636 A 


17-02-2000 








WO 


0006215 A 


10-02-2000 








WO 


0007638 A 


17-02-2000 


W0 9205810 


A 


16-04-1992 


us 


5173302 A 


22-12-1992 








CA 


2067798 A 


29-03-1992 








EP 


0503009 A 


16-09-1992 








JP 


5502239 T 


22-04-1993 


EP 1026219 


A 


09-08-2000 


AU 


2306000 A 


25-08-2000 








WO 


0046319 A 


10-08-2000 


EP 1025823 


A 


09-08-2000 


AU 


3220700 A 


25-08-2000 








WO 


0045766 A 


10-08-2000 


EP 1025866 


A 


09-08-2000 


AU 


3220800 A 


25-08-2000 








WO 


0045865 A 


10-08-2000 





& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



14 



EP 1 245 241 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 87 0072 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way liable for these particulars which are merely given for the purpose of Information. 

03-08-2001 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 6200224 



DE 4123889 



W0 0045698 



19-07-1994 
12-03-1992 
10-08-2000 



NONE 

JP 4120112 A 
AU 2661499 A 



21-04-1992 
25-08-2000 



3 
I 

I 

0 

2] For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



15 



